wood, 7 kg) was pulverized using a milling machine and extracted at 95°C with 70% aq. EtOH (ϫ3). The extract was filtered, and the filtrate was concentrated in vacuo and lyophilized. The lyophilized crude extract (650 g) of P. santalinus was suspended in distilled water and extracted with methylene chloride (CH 2 Cl 2 , 85 g), ethyl acetate (EtOAc) and n-butanol (n-BuOH) sequentially to yield the respective solvent extracts. The CH 2 Cl 2 extract was chromatographed on silica gel (5ϫ100 cm, 70B 230 mesh) using n-hexane/EtOAc gradient and EtOAc/MeOH gradient solvent systems to afford six fractions (MC-1B MC-6). The MC-3 fraction (12 g) was subjected to preparative HPLC to yield active principles, compound 1 (150 mg) and compound 2 (35 mg). The preparative HPLC system (California, U.S.A.) consisted of two Rainin SD-1 pumps and a UV-1 detector, was controlled by Dynamax Method Manager software (version 1.4.2). Sample (200 ml) was repetitively chromatographed on a RP-8 preparative column (Shiseido Capcell pak RP-8, UG120, 250ϫ 20 mm, 5 mm; Tokyo, Japan). The mobile phase flow rate was 20 ml/min, with UV detection at 254 nm. The initial solvent composition was CH 3 CN/H 2 O (43 : 57) for 13 min and was ramped to CH 3 CN/H 2 O (55 : 45) within 10 s with a 7 min hold. The retention times of compounds 2 and 1 were 11.9 and 17.6 min, respectively. The purity of these compounds was more than 95% by HPLC analysis.
Structure Elucidation For structural elucidation of compounds 1 and 2, 1 H-and 13 C-NMR spectra were recorded in CDCl 3 on a Bruker AMX300 spectrometer operating at 300 MHz for 1 H-NMR and 75 MHz for 13 C-NMR. Chemical shifts were measured in ppm using tetramethylsilane (TMS) as the internal standard (0 ppm). Optical rotations were measured with a JASCO DIP-370 digital polarimeter (Tokyo, Japan).
TNF-a a Production in Vitro
The inhibitory effect of test fractions or components on TNF-a production was determined as described previously. 3) RAW264.7 cells were maintained in RPMI1640, supplemented with 100 U/ml of penicillin, 100 mg/ml of streptomycin, 10% FBS at 37°C and 5% CO 2 in humidified air. The isolated compounds and fractions solubilized with vehicle (89.9% propylene glycol, 10% ethanol and 0.1% dimethyl sulfoxide) were diluted with RPMI1640. The final concentration of vehicle never exceeded 0.1% in the culture medium. In these conditions, none of the solubilization solvents altered TNF-a production in RAW264.7 cells. Before stimulation with LPS (1 mg/ml) and testing of the samples, RAW264.7 cells (1ϫ10 6 cells/ml) were incubated for 18 h in 24 well plates under the same conditions. Stimuli and various concentrations of test samples were then added to the wells for 4 h. Supernatants were then collected and assayed for TNF-a content by an ELISA method.
Splenocyte Proliferation Assay Splenocytes were prepared from the spleens of mice killed by cervical dislocation under sterile conditions, as described previously. 20) Briefly, splenocytes were released by teasing into RPMI1640 medium supplemented with 20 mM HEPES buffer. After removing red blood cells using 0.83% NH 4 Cl-Tris buffer (pH 7.4), splenocytes were washed three times in Ca 2ϩ -Mg 2ϩ free Hank's balanced salt solution and resuspended to 5ϫ10 6 cells/ml in RPMI1640 with 100 U/ml of penicillin, 100 mg/ml of streptomycin, and 10% FBS. Splenocytes (5ϫ10 6 cells/ml) were cultured in 96 well plates in the presence and absence of T cell mitogen (Con A) with test compounds or positive control drugs in a total volume of 200 ml/well under the same conditions for 48 h. The proliferation assay was performed by MTT assay.
Cytotoxicity Assay The cytotoxicity of these compounds in the TNF-a production assay was evaluated by the MTT method with minor modifications, as reported previously. 3) A cell suspension having a concentration of 1ϫ10 6 cells/ml was plated in a 96-well plate. After 18 h culture, various concentrations of test compounds and LPS (1 mg/ml) were added to each well and cultured for another 4 h. Finally, 10 ml of MTT solution (10 mg/ml in phosphate buffered saline, pH 7.4) was added to each well and incubated for another 2.5 h. The optical density (OD) was measured with a microplate reader at 570 nm (OD 570-630 ). The mean value of OD for 4 wells was used for calculating the viability (% of control).
RESULTS AND DISCUSSION

Isolation of Active Principles
In the sequential fractionation of the crude extract and in the subsequent column chromatographic purification process, the inhibitory activity on TNF-a production was assayed in order to trace the active principles. The highest inhibitory activity of the sequential fraction from the crude extract (56.3Ϯ1.1%) was obtained with the CH 2 Cl 2 extract (68.5Ϯ1.7%), in comparison with the other solvents including EtOAc (18.5Ϯ2.5%), n-BuOH (Ϫ12.3Ϯ9.4%) and H 2 O (Ϫ25.2Ϯ19.0%) at 50 mg/ml. The CH 2 Cl 2 extract was chromatographed on a silica gel column using n-hexane/EtOAc gradient and EtOAc/MeOH gradient solvent systems to obtain six distinct fractions. Among them the MC-3 fraction showed the highest inhibitory activity (58.4Ϯ3.0%) at 25 mg/ml. From this fraction, we isolated and identified two lignans, savinin (1) and calocedrin (2), from P. santalinus as the active principles by spectroscopic data (data not shown).
Compound 1 (Savinin): amorphous white powder; [a] D : ϩ6°(cϭ0.9, Ac 2 O); the 1 H-, 13 C-NMR spectra and physical constants were similar to the previous report. 17, 18) Compound 2 (Calocedrin): amorphous white powder; [a] D : Ϫ87°(cϭ0.95, CHCl 3 ); the 1 H-, 13 C-NMR spectra and physical constants were similar to the previous report. 18) Both 1 and 2 have the same carbon skeleton as a-arylidene g-lactone lignans (Fig. 1 ). The only difference in the molecular structure between 1 and 2 is the presence of a hydroxyl group on C-9Ј of the butyrolactone ring in 2.
Inhibitory Effect of Savinin on TNF-a a Production and T Cell Proliferation These two lignan components significantly inhibited TNF-a production triggered by LPS with an IC 50 of 31.9 mM (savinin) and only 30.9% (calocedrin at 150 mM) ( Figs. 2 and 4 ). As shown in Fig. 2 , the compounds were not cytotoxic at the tested concentrations and after 4 h incubation, suggesting that a specific pharmacological action may be involved in the inhibitory activity of these lignan compounds. The activity of compound 1 was higher than that of the positive control standard drugs and previously reported naturally-occurring compounds, including furofurantype lignan compounds (pinoresinol: IC 50 ϭ50-100 mM), 19) coumarins (osthol and oxypeucedanin: IC 50 ϭ50-70 mM), 12) and saponins (ginsenoside Rb 1 and Rb 2 : IC 50 ϭ40-60 mM). 20) Considering the dramatic decrease of TNF-a inhibitory activity of compound 2, it is supposed that the inhibitory effect toward TNF-a may be due to the structural feature (e.g. butyrolactone ring) of the lignan compounds. To gain insight into the structural importance of the butyrolactone ring, in terms of the molecular mechanism of action, we next investigated the inhibitory activities of several similar and differenttype lignans under the same conditions, although some of them were already reported in literature. 11, 12, 22) Figures 2 and  4 clearly show that arctigenin and savinin inhibited 10 and 2 times more than the furofuran-type lignan eudesmin, and 20 and 4 times more than the dibenzylbutane-type lignan isolariciresinol, without the butyrolactone ring, respectively, suggesting that the butyrolactone ring and its polarity on the C-9Ј position may play an important role in the TNF-a inhibitory activity and act as a valuable pharmacophore. In addition, Fig. 2 indicates that cynaropicrin, a sesquiterpene lactone possessing an a-methylene-gamma-lactone ring, also potently suppressed TNF-a production, suggesting that the exo-methylene group may increase the inhibitory potency of the lactone moiety, as mentioned in the previous structureactivity relationship (SAR) study of other sesquiterpene lactone compounds, such as parthenolide, encelin and confertiflorin. 23) Taken together, it is suggested that the non-polar butyrolactone ring in dibenzylbutyrolactone-type lignan compounds may be important in their inhibitory activities.
It is generally known that T lymphocytes enhance chronic inflammatory conditions via activation of inflammatory cells such as mast cells, eosinophils, neutrophils and macrophages, resulting in massive production of chemical mediators and proinflammatory cytokines. 24) Indeed, potent immunosuppressive agents such as cyclosporin A are reported to have a curative effect in chronic inflammatory diseases. 25) There-fore, to obtain evidence that compound 1 is mainly involved in the antiinflammatory activity of the plant, the inhibitory effect on T cell proliferation was further tested and compared with actigenin, eudesmin, isolariciresinol and cynaropicrin, as in the TNF-a assay. As expected, cynaropicrin, arctigenin and savinin (IC 50 valuesϭ29.8 mM) strongly attenuated T cell proliferation elicited by Con A, whereas eudesmin, isolariciresinol and calocedrin displayed relatively weak activities, as shown in TNF-a inhibition ( Figs. 3 and 4) . That is, the inhibitory order of these compounds was similar to that of the TNF-a assay, suggesting that a common pathway may be the target of the lignan compounds, and that the butyrolactone ring may mediate these biological activities.
In terms of the possible inhibitory mechanism, it is conceivable that lignan compounds such as arctigenin, potently suppress cyclic AMP phosphodiesterase (cAMP PDE), 26, 27) as inhibition enhances intracellular cAMP, by which TNF-a gene expression is inhibited at the transcriptional level. 28) Indeed, in our conditions, dbcAMP, a cell-permeable cAMP, attenuated both TNF-a production and T cell proliferation (Fig. 4) . On the basis of their structural similarity, the inhibitory mode of action of savinin on TNF-a production and T cell proliferation may be mediated by suppression of cAMP PDE. As another possible target, platelet activating factor (PAF) antagonism could be regarded, because arctigenin strongly suppressed PAF binding to the receptor and the SAR data was in agreement with our results. 29) Indeed, PAF is also known to activate TNF-a production by regulating the NF-kB gene expression level. 30) To elucidate the mechanism in detail, however, further experiments, using purified cAMP PDE or PAF binding assay, is required.
In conclusion, we have demonstrated that the lignan compounds, savinin (1) and calocedrin (2), isolated from P. santalinus, have the same carbon skeleton as a-arylidene g-lactone and that 1 strongly suppressed TNF-a production and T cell proliferation, suggesting that it may act as an active principle of P. santalinus. In addition, we demonstrated that the butyrolactone ring and its polarity on the C-9Ј position in dibenzylbutyrolactone-type lignans may play an important role in the inhibition of TNF-a production and T cell proliferation as a functional moiety. However, other biological activities and the underlying mechanism by which dibenzylbutyrolactone-type lignans such as savinin selectively inhibit TNF-a production and T cell proliferation remain to be determined in further studies. 
